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IMPROVED PROCESS I/O TO FIELDBUS 
INTERFACE CIRCUIT 

The present invention relates to the process control industry. More 
specifically, the present invention relates to field devices used in the process control 
industry which communicate using proems control loops which operate in accordance 
with the Fieldbus communication protocol. 

Field devices such as transmitters, are used in the process control industry to 
remotely sense a process variable. The process variable may be transmitted to a control 
room for use in controlling the process or for providing information about process 
operation to a controller. For example, information related to pressure of process fluid 
may be transmitted to a control room and used to control the process, such as oil 
refining. Another type of field device, for example, is a valve controller. 

One typical prior an technique for transmitting information involves controlling 
the amount of current flowing through a process control loop. Current is supplied from 
a current source in the control room and the transmitter controls the current from its 
location in the field. For example, a 4 mA signal can be used to indicate a zero 
reading and a 20 mA signal can be used to indicate a full scale reading. More recently, 
transmitters have employed digital circuitry which communicates with the control room 
using a digital signal which is superimposed onto the analog current signal flowing 
through the process control loop. Some techniques send purely digital signals. One 
example of such a technique is the HART^cXnTmunication protocol proposed by 
Rosemount Inc. The HART® protocol and other such protocols typically include a set 
of commands or instructions which can be sent to the transmitter to elicit a desired 
response, such as transmitter control or interrogation. 

Fieldbus is a communications protocol proposed by the Fieldbus Foundation and 
is directed to defining a communications layer or protocol for transmitting information 
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on a process control loop. In the Fieldbus protocol, the current flowing through the 
loop is not used to transmit an analog signal. Instead, all information is digitally 
transmitted. Further, the Fieldbus standard allows transmitters to be configured in a 
multi-drop configuration in *vhich more than one transmitter is connected on the same 
process control loop. 

In a first aspect, this invention provides a transmitter for use in a process 
control system, comprising: 

a transducer for sensing a process variable and providing a transducer output; 
measurement circuitry coupled to the transducer output to process the transducer 
output and provide a measured output; 

transmitter interface circuitry coupled to the measurement circuitry adapted to 
provide an interface output representative of the measured output and to receive a 
transmitter command and respond in accordance with the transmitter command; 

Fieldbus interface circuitry adapted to couple to a process control loop operating 
in accordance with the Fieldbus standard, the Fieldbus interface circuitry being coupled 
to I/O registers supporting Read, Write, Control and Event data, the Fieldbus interface 
circuitry responsively writing Fieldbus data received from the process control loop into 
the I/O registers and responsively transmitting Fieldbus data on the process control loop 
read from the I/O registers; and 

conversion circuitry coupled between the Fieldbus inte*face circuitry and the 
transmitter interface circuitry adapted to write data into the I/O registers, related to the 
interface output received from the transmitter interface circuitry. 

In a second aspect, this invention provides a field device in a process control 
system, comprising: 

a control element for receiving a control input and responsively controlling a 
process; 

control circuitry coupled to the control input to control the process in response 
to a command input; 



field device interface circuitry coupled to the control circuitry adapted to 
provide the command input in response to a field device command; 

Fieldbus interface circuitry adapted to couple to a process control loop operating 
in accordance with the Fieldbus standard, the Fieldbus interface circuitry coupling to 
I/O registers supporting Read, Write, Control, and Event data, the Fieldbus interface 
circuitry responsively writing Fieldbus data received from the process control loop into 
the I/O registers and responsively transmitting Fieldbus data on the process control loop 
read from the I/O registers; and 1 

conversion circuitry coupled between the Fieldbus interface circuitry and the 
field device interface circuitry adapted to data read from the I/O registers and 
responsively provide the field device command to the field device interface circuitry. 

Thus, one aspect of the present invention is a field device in a process control 
system which includes conversion circuitry for converting Fieldbus data received from 
and transmitted on the process control loop formatted in accordance with the Fieldbus 
standard. The field device includes, for example, a control element such as a transducer 
for sensing a process variable and providing a transducer output or a valve positioner 
for positioning a valve. Measurement circuitry processes the transducer output and 
provides a measurement output. Field device interface circuitry couples to the 
measurement circuitry and provides a. field device interface output representative of the 
measurement output. TV field device interface circuitry also receives field device 
commands and responds in accordance with the field device command. Fieldbus 
interface circuitry is adapted to couple to the process control loop which operates in 
accordance with the Fieldbus standard. The Fieldbus interface circuitry includes an I/O 
Read/Write register, an I/O Control register and an I/O Event register. The Fieldbus 
interface circuitry responsively writes Fieldbus data which is received from the process 
control loop into the three registers. Further, the interface circuitry responsively 
transmits Fieldbus data on the process control loop based upon data which is read from 
the registers. Conversion circuitry is located between the Fieldbus interface circuitry 



and the field device interface circuitry. The conversion circuitry is adapted to write 
data into the I/O Read/Write, the I/O Control register and the I/O Event register data 
related to the interface output which is received from the field device interface 
circuitry. Further, the conversion circuitry reads data from the I/O Read/Write 
register, the I/O Control register and the I/O Event register and responsively sends a 
field device command to the transmitter interface circuitry. 

Apparatus employing the invention will now be described, by way of example 
only, with reference to the accompanying diagrammatic figures, in which: 

Figure 1 is a diagram of a process control system including transmitters in 
accordance with the present invention coupled to a process control loop operating in 
accordance with the Fieldbus communications standard. 

Figure 2 is a block diagram of a transmitter of Figure 1 including conversion 
circuitry in accordance with one embodiment of the invention. 

Figure 3 is a block diagram showing a logical implementation in accordance 
with one embodiment of the invention* 

Figure 1 is a diagram of process control system 10 including field devices 
comprising transmitter 12 and valve controller 14 connected to process pipe 16. 
Transmitters 12 and 14 are coupled to a two wire process control loop 18 which 
operates in accordance with the Fieldbus standard and is terminated at terminator 19. 
Field devices 12 and 14 are in communication with control room 20 through loop 18. 
Field devices 12 and 14 monitor process variables such as temperature and flow rate 
using sensors (not shown in Figure 1) and control the process using valves (not shown 
in Figure 1), for example, which extend into process fluid carried in pipe 16. 
Information is exchanged between control room 20 and field devices 12 and 14 in 
accordance with the Fieldbus standard. 

The Fieldbus standard is a proposed specification promulgated by the Fieldbus 
foundation. The process interface specification is defined in H The Fieldbus Foundation, 
Fieldbus Specification, Function Block Application Process Parts 1 and 2*, Documents 



FF-94-890 and FF-94-891, Revision HI Final 2.0, January 2, 1996. The Fieldbus 
standard is an open standard which provides communication between process I/O 
hardware and the Fieldbus interface through an arbitrary number of data channels, 
each having an arbitrary number of parameters associated therewith. A Fieldbus 
process interface specification (transducer block) appears as shown in Table 1: 



Channel Data 



Parameter 1 



Parameter 2 



Parameter 3 



Parameter N 

Table 1 

Fieldbus interface circuitry in the transmitter reads and writes the channel data 
and parameters 1-N through software constants termed "function blocks" in the 
Fieldbus Foundation Specification. 

The present invention provides conversion circuitry for a transmitter coupled to 
a process control loop operating in accordance with the Fieldbus standard. The 
Fieldbus protocol is used to transmit three parameters, I/O Read/Write, I/O 
Control and I/O Event over the process control loop. In one preferred embodiment, 
the I/O Read/Write forms a channel as set forth in the Fieldbus protocol and the I/O 
Control and the I/O Event data form parameters for that channel. This format is shown 
in Table 2: 



I/O Read/Write 
1 I/O Control 
I I/O Event 

Table 2 

Conversion circuitry in the transmitter includes three registers for the I/O Read/Write, 

I/O Control and I/O Event data. The conversion circuitry converts these three 

/ 

parameters received from the Fieldbus standard into a command format appropriate for 
operating a transmitter. For example, in one preferred embodiment the command 
format is specified by the HART*/protocol. 

Figure 2 is a block diagram showing a more detailed view of transmitter 12 
from Figure 1. Transmitter 12 includes Fieldbus interface circuitry 30 coupled to 
process control loop 18 at transmitter terminals 32. Loop 18 carries loop current I L 
which is in accordance with the Fieldbus standard. Fieldbus interface circuitry 30 
couples to transmitter interface circuitry 3<f through conversion circuitry 36 in 
accordance with the present invention. Transmitter 12 also includes microprocessor 38 
which receives a process variable from process variable sensor 40, for example process 
pressure or temperature The output from sensor 40 is amplified by amplifier 42 and 
digitized by analog to digital converter 44. Compensation circuitry 46 receives the 
digitized process variable and pre-processes the variable prior to transmission to 
microprocessor 38. Microprocessor 38 operates in accordance with instructions stored 
in memory 48 and at a clock rate determined by system clock 50. 

Conversion circuitry 36 includes I/O Read/Write register 60, I/O Control 
register 62 and I/O Event register 64 coupled to Fieldbus interface circuitry 30 and to 
conversion microprocessor 66. Microprocessor 66 couples to modem 68. In one 
embodiment this provides bi-directional communication. An internal control loop 70 
is formed between transmitter interface circuitry 34, modem 68 and power control 
circuitry 72 and carries internal loop current Ij. Power conversion circuitry 72 
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connects to Fieldbus interface circuitry 30 and receives loop current I L . 

In operation, microprocessor 38 receives digitized process variables from 
sensor 30 which are compensated by compensation circuitry 46. Microprocessor 38 
provides the process variable to transmitter interface 34. In one preferred embodiment, 
transmitter interface 34 operates in accordance with the HART* protocol. Transmitter 
interface 34 digitally transmits the process variable on loop 70 such that the process 
variable is received by modem 68 which provides the HART* command information to 
microprocessor 66. Microprocessor 66 places the process variable information in I/O 
Read/Write register 60 which is accessed by Fieldbus interface circuitry 30. Fieldbus 
interface circuitry 30 receives the process variable from register 60 and formats it into 
the channel position set forth in the Fieldbus protocol. The process variable is then 
transmitted on loop 18 using the Fieldbus protocol. 

Internal current I, flowing through loop 70 is generated by power conversion 
circuitry 72 from loop current I L received from loop 18. Power conversion circuitry 
72 is used to step up me voltage drop which appears across internal loop 70 to a voltage 
level appropriate to operate transmitter interface 34 which provides a power output to 
power circuitry and transmitter 12. 

Conversion circuitry 36 is also used to convert Fieldbus information received 
from loop 18 into a format for use with transmitter interface 34. Fieldbus interface 30 
receives a Fieldbus data packet which contains control information transmitted in one of 
the parameter positions of the data packet. Such control information could be a 
request that transmitter 12 or valve controller 14 report its type and model number. 
In one implementation, such request is a HART* request. The Fieldbus interface 
circuitry 30 places the control information into I/O Control register 62. 

Microprocessor 66 reads the data from register 62 and transmits/formats the 
HART* command onto internal control loop 70 using modem 68. Transmitter interface 
34 decodes the HART* command and passes the interrogation request to 
microprocessor 38. Microprocessor 38 retrieves the appropriate information from 
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memory 48 and provides the response to transmitter interface 34. Transmitter 
interface 34 formats the response in accordance with the HART* protocol for 
transmission over internal loop 70. Modem 68 receives the response and provides the 
response to microprocessor 66. Microprocessor 66 writes the response information into 
the I/O Read/Write register 60. I/O Event register 64 allows alarms and events to be 
communicated between the transmitter interface circuitry and the Fieldbus circuitry 
which is read by Fieldbus interface circuitry 30. Fieldbus interface circuitry 30 
formats the appropriate Fieldbus packet/for transmission onto loOplP and places the 
response information into the appropriate parameter location of the Fieldbus data 
transmission. Examples of information which is placed into I/O Read/Write register 60 
includes reading process variables such as pressure, temperature and writing actuator 
outputs. Examples of information which would be placed in I/O Event register 64 
includes alarms from sensor limits being exceeded, diagnostic information. Examples 
of information placed in I/O control register 62 includes upper and lower limits and 
damping. 

It will be understood that the separate arrangement of interface circuitry 30, 34 
and conversion circuitry 36 is provided for the purpose of explanation. These elements 
and their functions may be implemented together or in combinations and may share 
many elements such as memory between one other. 

Fieldbus interface circuitry 30 is shown as a block element for simplicity. The 
Fieldbus standard referenced above sets forth numerous function blocks, objects, and 
data paths in greater detail. The present invention relates to the "transducer block" 
identified in the Fieldbus standard. Bements shown to the left of a Fieldbus interface 
circuitry 30 form the transducer block set forth in the Fieldbus standard. 

It should be understood that the embodiment of Figure 2 encompasses other 
types of field devices such as control devices, for example a valve controller, or 
positioner. In this embodiment element 40 is a control element coupled to valve 80 and. 
responsively controls the position of valve 80 based upon a command output generated 



by amplifier 42 and a digital to analog converter 46. The output of control element 40 
is, for example, pressurized air to control valve 80. The desired position of valve 80 
is determined by commands received from control room 20 transmitter in the I/O 
Read/Write channel of the Fieldbus protocol. Additionally, microprocessor 38 can 
include a control function to directly generate the control output as described in U.S. 
Patent No. 5,485,400, issued January 16, 1996 to Warrior et al., entitled FIELD 
MOUNTED CONTROL UNIT. Furthermore, it will be understood that field device 
12 may mclude any number or combination of sensors and control elements. 

One aspect of the present invention provides backward compatibility with prior 
an transmitter circuitry which operates in accordance with a transmitter command 
protocol such as the HART® protocol. Thus, a prior art transmitter can be upgraded to 
operate on a Fieldbus process control loop by adding Fieldbus interface circuitry 30 and 
conversion circuitry 36 to transmitter 12. It will be apparent that the interface may be 
modified to support other protocols such as those used in equipment made by Bailey, 
Foxboro and other manufacturers. 

Figure 2 shows conversion circuitry 36 implemented in a physical embodiment. 
Another embodiment of the invention includes implementation of conversion circuitry 
in a logical form. In this embodiment, the Fieldbus interface circuitry 30, conversion 
circuitry 36 and transmitter interface circuitry 34 are merged into a single unit. In this 
embodiment, software replaces the function of conversion circuitry 36 such that 
Fieldbus data received from loop 18 is placed into the appropriate register 60, 62 or 64 
in software. The software translates the information contained in software registers 60, 
62 or 64 into the appropriate command for use in microprocessor 38. Similarly, 
microprocessor 38 transmits information on loop 18 by placing I/O Read/Write data, 
I/O Control data and I/O Event data into the appropriate software register for 
transmission. This software interface can be implemented on top of a shared-memory 
physical implementation such as a dual ported RAM, a physical channel such as a 
HART-to-HART interface, or others. In a preferred embodiment, the software is 
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executed by microprocessor 38 or 66. 

Figure 3 is a block diagram 90 showing a software implementation in 
accordance with one embodiment. Fieldbus interface layer 92 includes Fieldbus 
physical layer 94, Fieldbus link layer 96 and Fieldbus application layer (Fieldbus 
messengering layer or FMS) 98. Fieldbus interface layer 92 couples to Fieldbus 
application 100 which couples to transducer block 108. Transducer block 108 
includes, in one preferred embodiment, HART* layer 110. Transducer block 108 
includes I/O Read/Write register 1 14 ai/d I/O Control register 1 16 and I/O Event 
register 118. 

In operation, Fieldbus physical layer 94 couples to Fieldbus control loop 18. 
Link layer 96 couples physical layer 94 to Fieldbus application layer (FMS) 98. 
Fieldbus application 100 interfaces with FMS 98. In accordance with the invention, 
Fieldbus application 100 interfaces to I/O Read/Write register 1 14, I/O Control register ' 
1 16 and I/O Event register 1 18. Fieldbus application 100 passes these three 
parameters onto transducer layer 108 without the requirement that the parameters be 
translated or mapped into a different protocol. In one preferred embodiment, 
transducer block 108 is adapted for receipt of commands in accordance with the 
HART* protocol and includes a HART® application 1 10 which receives data in I/O 
Read/Write register 114, I/O Control register 116 and I/O Event register 118. These 
parameters are passed directly to a device layer 1 12 which controls operation of the 
field device. Note that in this embodiment the invention does not require the use of 
any additional gateways, application layers, link layers or physical layers. 

Although the present invention has been described with reference to preferred 
embodiments, workers skilled in the art will recognize that changes may be made in 
form and detail without departing from the spirit and scope of the invention. For 
example, the invention may be implemented in any type of field device such as a 
controller or transmitter. Various combinations and arrangements of the three 
registers may be used to define the channel and parameter data under the Fieldbus 
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protocol. In addition instead of the HART* application layer, other application layers 
can be used that provide Read, Write, Event and Control function. Other protocols, 
such as MODBUS, Honeywell DE. Bailey, Foxboro, Profibus, Devicenet, or any other 
protocol may be employed that provides these functions. Further, It should be clear 
that the invention will support multiple transducers through multiple channels or 
multiple transducer blocks for sending or receiving process variables or control 
information. As used herein, the term control element is intended to include a valve 
actuator, an LT, a positioner, a solenoid; a motor, or any other equivalent actuating 
device. Although the specifications refer to the Fieldbus Foundation implementation, 
it should be understood that the invention covers any implementation of the 
specifications defined by the TEC 65C WG6 and ISA-SP-50 for Fieldbus. 

The aforegoing description has been given by way of example only and it will be 
appreciated by a person skilled in the art that modifications can be made without departing 
from the scope of the present invention. 
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CLAIMS : 

1. A transmitter for use in a process control system, comprising: 

a transducer for sensing a process variable and providing a transducer output; 
measurement circuitry coupled to the transducer output to process the transducer 
output and provide a measured output; 

transmitter interface circuitry coupled to the measurement circuitry adapted to 
provide an interface output representative of the measured output and to receive a 
transmitter command and respond in accordance with the transmitter command; 

Fieldbus interface circuitry adapted to couple to a process control loop operating 
in accordance with the Fieldbus standard, the Fieldbus interface circuitry being coupled 
to I/O registers supporting Read, Write, Control and Event data, the Fieldbus interface 
circuitry responsively writing Fieldbus data received from the process control loop into 
the I/O registers a.,J responsively transmitting Fieldbus data on the process control loop 
read from the I/O registers; and 

conversion circuitry coupled between the Fieldbus interface circuitry and the 
transmitter interface circuitry adapted to write data into the I/O registers, related to the 
interface output received from the transmitter interface circuitry. 

2- The transmitter of claim 1 wherein the transmitter interface circuitry couples to 
the conversion circuitry over an internal communication circuit loop which carries 
information in accordance with the HARTfcommunication protocol. 

3. The transmitter of claim 1 wherein the conversion circuitry includes 
communication circuitry which communicates with the transmitter interface circuitry on 
an internal communication circuit. 
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4. The transmitter of any preceding claim including an I/O Read/Write register 
which provides a transducer block channel in accordance with the Fieldbus 
communication protocol. 

5. The transmitter of any preceding claim including an I/O Read/Write register 
which stores the process variable from the transducer output. 

6. The transmitter of any preceding'claim including a microprocessor to implement 
the transmitter interface circuitry, Fieldbus interface circuitry and conversion circuitry 
in accordance with instructions stored in a memory. 

7. The transmitter of claim 6 wherein the instructions include at least a Fieldbus 
.. (e-Tro 

application and a HARTjapplication layer. 

8. The transmitter of claim 7 wherein the instructions are in the form of software. 

9. The transmitter of any preceding claim including an I/O Read/Write register 
which contains process variables, an I/O Control register which contains control 
commands to control operation of the transmitter and an I/O Event register which 
contains information related to the occurrence of a predetermined event. 

10. The transmitter of claim 9 wherein the predetermined event comprises an alarm 
condition in the transmitter interface, measurement circuitry or transducer. 

11. The transmitter of claim 9 wherein the predetermined event is determined from 
a command received over the process control loop in the I/O Control register. 

12- A field device in a process control system, comprising: 
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a control element for receiving a control input and responsively controlling a 
process; 

control circuitry coupled to the control input to control the process in response 
to a command input; 

field device interface circuitry coupled to the control circuitry adapted to 
provide the command input in response to a field device command; 

Fieldbus interface circuitry adapted to couple to a process control loop 
operating in accordance with the Fieldbu^ standard, the Fieldbus interface circuitry 
coupling to I/O registers supporting Read, Write, Control, and Event data, the Fieldbus 
interface circuitry responsively writing Fieldbus data received from the process control 
loop into the I/O registers and responsively transmitting Fieldbus data on the process 
control loop read from the I/O registers; and 

conversion circuitry coupled between the Fieldbus interface circuitry and the 
field device interface circuitry adapted to data read from the I/O registers and 
responsively provide the field device command to the field device interface circuitry. 



13. The field device of claim 12 wherein the field device interface circuitry couples 
to the conversion circuitry over an internal communication circuit which carries 
information in accordance with the HART^mmunication protocol. 



14. The field device of claim 12 wherein the conversion circuitry includes 
communication circuitry which communicates with the field device interface circuitry 
on an internal communication circuit. 

15. The field device of any one of claims 12 to 14 including an I/O Read/Write 
register which provides a channel in accordance with the Fieldbus communication 
protocol. 
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16. The field device of any one of claims 12 to 15 including an I/O Read/Write 
register which stores the field device command received from the process control loop. 

17. The field device of any one of claims 12 to 1 6 including a microprocessor to 
implement the field device interface circuitry, Fieldbus interface circuitry and 
conversion circuitry in accordance with instructions stored in a memory. 



18. The field device of claim 17 wherein the instructions include at least a Fieldbus 
.. v r-TM ' 

appbcauon and a HART/application layer. 

19. The field device of claim 18 wherein the instructions are in the form of 
software. 



20. The field device of any one of claims 12 to 19 including an I/O Read/Write 
register which contains field device commands, an I/O Control register which contains 
control commands to control operation of the field device and an I/O Event register 



which contains information related to the occurrence of a predetermined 



event. 



21. The field device of claim 20 wherein the predetermined event comprises an 
alarm condition in the field device. 

22. The field device of claim 20 wherein the predetermined event is determined 
from a command received over the process control loop in the I/O Control register 

23. The transmitter of any one of claims 1 to 1 1 including multiple transducers 
communicating over the process control loop through the Fieldbus interface circuitry 



24. The transmitter of any one of claims 1 to 1 1 or 23 including 



a control element 
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communicating over the process control loop through the Fieldbus interface circuitry 

25. The field device of any one of claims 12 to 21 including multiple control 
elements communicating over the process control loop through the Fieldbus interface 
circuitry. 

26. The field device of any one of claims 12 to 21 or 25 including a transducer 
communicating over the process control/loop through the Fieldbus interface circuitry. 
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